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ATRAZINE TOLERANCE OF WARM-SEASON GRASS SEEDLINGS

C a r o l i n e  C o n d i t  B a h l e r ,  P h . D .

U n i v e r s i t y  o f  N e b r a s k a ,  1984  

A d v i s e r :  L o w e l l  E.  Moser

Weed c o n t r o l  i s  <k n e c e s s a r y  component  o f  a g r a s s  

e s t a b l i s h m e n t  p r o g r a m .  A l t h o u g h  a t r a z i n e  [ 2 - c h 1o r o - 4 - < e t h y l  

ami n o ) - 6 - < i s o p r o p y l a m i  n o ) - s - t r i a z i n e l  can be used w i t h  

s w i t c h g r a s s  < Pan i cum v i  ro a tu m  L . )  and b i g  b l u e s t e m  

<AndropoQon o e r a r d i i  h i t m a n )  most w a rm -s e a s o n  g r a s s  

s e e d l i n g s  a r e  s u s c e p t i b l e  t o  a t r a z i n e .  A g r e e n h o u s e  

s c r e e n i n g  p r o c e d u r e  was used  t o  com pare  t h e  a t r a z i n e  

t o l e r a n c e  o f  s w i t c h g r a s s  s e e d l i n g s  w i t h  i n d i a n g r a s s

< S o ro h astru rn  nu t a n s  < L . )  Nash) , s i d e o a t s  grama < Bou t e l o u a  

c u r  t i  p e n d u 1 a ( M i c h x . )  T o r r . )  , b l u e  grama < Bou t e l o u a  o r a c  i 1 i s 

( H . B . K . )  Lag ex S te u d )  , ' C a u c a s i a n '  b l u e s t e m  ( B o t h r i  o c h 1oa  

c a u c a s i  ca  ( T r i n . )  C . E .  H u b b a r d ) ,  ' P l a i n s '  b l u e s t e m

< B o t h r  i o c h 1oa i schaemum v a r  i schaemum ( L . )  Keng) , l i t t l e  

b l u e s t e m  <Sch i z a c h v r  i urn s c o o a r i  urn ( M i c h x . )  N a s h ) ,  and  

p r a i r i e  s a n d r e e d  ( C a l a m o v i 1 f a  1ono i  f o l i  a (Hook) S c h r i b n )  

s e e d l i n g s .  I n d i a n g r a s s  and s i d e o a t s  grama s e e d l i n g s  f r o m  one  

c y c l e  o f  f i e l d  s e l e c t i o n  f o r  a t r a z i n e  t o l e r a n c e  w e r e  a l s o  

c o m p a re d .  S w i t c h g r a s s ,  P l a i n s  and C a u c a s ia n  b l u e s t e m ,  and
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p r a i r i e  s a n d r e e d  had t h e  most  t o l e r a n c e  t o  a t r a z i n e .  L i t t l e  

b l u e s t e m  and i n d i a n g r a s s  ( u n s e l e c t e d  and c y c l e  1) w e re  

i n t e r m e d i a t e ,  and s i d e o a t s  grama ( u n s e l e c t e d  and c y c l e  1) 

and b l u e  grama had t h e  l e a s t  t o l e r a n c e  t o  a t r a z i n e .

I n d i a n g r a s s  and s i d e o a t s  grama w e r e  used t o  e v a l u a t e  

l e a f  - f l u o r e s c e n c e  as  a p o s s i b l e  s c r e e n i n g  t e c h n i q u e .  

C o n c e n t r a t i o n s  o-f 10 2 o r  ^  a t r a z i n e  -for s i d e o a t s  grama

o r  i n d i a n g r a s s  r e s p e c t i v e l y  and an i n c u b a t i o n  p e r i o d  o f  30 

m i n u t e s  d i s t i n g u i s h e d  a t r a z i n e  t r e a t e d  l e a f  s e c t i o n s  f ro m  

t h e  c o n t r o l .  No d i f f e r e n c e  was d e t e c t e d  b e tw ee n  e s t a b l i s h e d  

and young i n d i a n g r a s s  and b e tw ee n  g r e e n h o u s e  and f i e l d  grown  

p l a n t s .  U s in g  a 30 m i n u t e  i n c u b a t i o n  and 10“ ^ M a t r a z i n e  33  

l i n e s  o f  young i n d i a n g r a s s  p l a n t s  w e r e  s c r e e n e d .  T h i r t e e n  

p l a n t s  had a chang e  in  r e l a t i v e  f l u o r e s c e n c e  o f  l e s s  than  1 

w h ic h  was used as t h e  d i f f e r e n t i a t i o n  c r i t e r i o n .  A f l o a t i n g  

l e a f  d i s k  t e s t  d i d  n o t  d i f f e r e n t i a t e  among p l a n t s  o f  

d i f f e r i n g  a t r a z i n e  s e n s i t i v i t i e s .

D e l a y i n g  t h e  a p p l i c a t i o n  o f  a t r a z i n e  7 ,  14 or  26  days  

a f t e r  p l a n t i n g  p e r m i t t e d  i n d i a n g r a s s  and s i d e o a t s  grama to  

be e s t a b l i s h e d  in  t h e  f i e l d .  I n  b o t h  f i e l d  and g re e n h o u s e  

s t u d i e s  a t r a z i n e  r e d u c e d  a c t u a l  s e e d l i n g  e m ergence  f o r  

s i d e o a t s  g ra m a ,  s w i t c h g r a s s ,  and i n d i a n g r a s s .
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F i g .  11.  T h e  p e r c e n t  em ergence  o f  s e e d  s t r a t i f i e d  i n  e i t h e r

C aptan  o r  a t r a z i n e  o r  u n s t r a t i f i e d  and th e n  p l a n t e d  in

e i t h e r  0 o r  2 mg kg a t r a z i n e  t r e a t e d  s o i l .  T h e  d a t a

p r e s e n t e d  a r e  means a v e r a g e d  o v e r  t h e  s p e c i e s  u s e d .

( E x p e r i m e n t  t w o ) ..................   -PQ- 71
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I n  t r o d u c  t  i on

I n  t h e  t e m p e r a t e  r e g i o n s  o f  N o r t h  A m e r ic a  t h e r e  i s  th e  

p o t e n t i a l  t o  im p r o v e  summer p a s t u r e  p r o d u c t i o n  th ro u g h  th e  

use o-f n a t i v e  w arm -s e a s o n  g r a s s e s .  The p r a c t i c e  o-f p a s t u r e  

im provem ent  u s i n g  w arm -s e a s o n  g r a s s e s  in  t h e  p a s t  has  been 

c o s t l y  in  b o th  t i m e  and money. A m a jo r  p ro b le m  has  been  

t h a t  s t a n d  e s t a b l i s h m e n t  o-f t h e  w a rm -se a so n  g r a s s e s  i s  s low  

and s t a n d  - f a i l u r e  can o c c u r  b e c a u s e  o-f weed c o m p e t i t i o n .  As 

a r e s u l t  many p r o d u c e r s  a r e  r e l u c t a n t  t o  r e s e e d  even a 

r a t h e r  poor  p a s t u r e  b e ca u s e  o f  t h e  e x p e n s e  and t h e  r i s k  

i n v o l v e d .

T h e  use o f  s e l e c t i v e  h e r b i c i d e s  a t  s e e d i n g  w o u ld  

r e d u c e  t h e  r i s k  and t i m e  ne ede d  f o r  w arm -s e a s o n  g r a s s  

e s t a b l i s h m e n t .  The  h e r b i c i d e  2 , 4 - D  [ < 2 , 4 - d i c h 1o ro p h e n o x y )  

a c e t i c  a c i d ]  has  been used t o  c o n t r o l  b r o a d l e a f  weeds  a l o n g  

w i t h  c l i p p i n g .  A p r o b le m  w i t h  t h e s e  weed c o n t r o l  m e as u re s  

i s  t h a t  t h e y  do n o t  c o n t r o l  a n nua l  weedy g r a s s e s  and o f t e n  

a c t u a l l y  i n c r e a s e  t h e  a n nua l  g r a s s  c o m p e t i t i o n .

A t r a z i n e  [ 2 - c h 1o r o - 4 - <  e t h y l  ami n o ) - 6 - < i  s o p r o p y la m i  n o ) -  

s - t r i a z i n e ]  c o n t r o l s  most t r o u b l e s o m e  annua l  weeds  

a s s o c i a t e d  w i t h  w arm -se a so n  s e e d l i n g s  d u r i n g  t h e  s e e d i n g  

y e a r .  E s t a b l i s h e d  p l a n t s  o f  n a t i v e  w arm -se a s o n  g r a s s e s  a r e  

t o l e r a n t  t o  a t r a z i n e .  H o w e v e r ,  a t  p r e s e n t  o n l y  s w i t c h g r a s s  

<Panicurn v i  ro a tu m  L . )  and b i g  b l u e s t e m  <Andropooon o e r a r d i  i 

V i t m a n )  h ave  been p r o v e n  t o  h a ve  s u f f i c i e n t  a t r a z i n e
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t o l e r a n c e  a t  t h e  s e e d l i n g  s t a g e  t o  p e r m i t  use  o-f a t r a z i n e  

a t  s e e d i n g .  Many o t h e r  s p e c i e s  have  been p ro v e n  t o  be 

s u s c e p t i b l e  t o  a t r a z i n e  i n j u r y  l e a d i n g  t o  l o s s  o-f t h e  s t a n d  

a t  s e e d i n g  t i m e .  I n d i a n g r a s s  < S o r o h a s t r u m  nu t a n s  < L . )  Nash)  

has been -found t o  h a v e  m a r g i n a l  t o l e r a n c e  and s i d e o a t s  

grama < Bou t e l o u a  c u r  t i p e n d u 1 a < M i c h x . )  T o r r . )  shows a h igh  

s u s c e p t i b i l i t y  to  a t r a z i n e  when t h e  p l a n t s  a r e  i n  t h e  

s e e d l i n g  s t a g e .

In  r e c e n t  y e a r s  s e v e r a l  a n n u a l  weed s p e c i e s  have  

d e v e l o p e d  b i o t y p e s  t h a t  e x h i b i t  a t r a z i n e  t o l e r a n c e .  T h e se  

b i o t y p e s  h ave  d e v e l o p e d  i n  a r e a s  w h e re  a t r a z i n e  has  been  

used  a n n u a l l y  o v e r  a number o-f y e a r s  t o  c o n t r o l  v e g e t a t i o n  

in  a r e a s  such as  r a i l r o a d  r i  gh t - o - f - w a y s . T he  d i s c o v e r y  o-f 

r e s i s t a n t  p o p u l a t i o n s  w i t h i n  some b r o a d l  ea-f weeds  i n d i c a t e s  

t h a t  i t  may be p o s s i b l e  t o  s e l e c t  -for a t r a z i n e  t o l e r a n t  

i n d i v i d u a l s  a t  t h e  s e e d l i n g  s t a g e  in  a b r e e d i n g  p r o g r a m .  A 

q u i c k ,  i n e x p e n s i v e ,  and e - f - f e c t i v e  s c r e e n i n g  t e c h n i q u e  needs  

t o  be d e v i s e d  t o  - f a c i l i t a t e  a t r a z i n e  r e s i s t a n t  c u l t i v a r  

deve lopmen t .

S i n c e  t h e r e  i s  m a r g i n a l  t o l e r a n c e  in  some s p e c i e s  t h e  

t i m i n g  o f  t h e  a t r a z i n e  a p p l i c a t i o n  may a l s o  a f f e c t  t h e  

s u r v i v a l  o f  such s p e c i e s .  T h e  m a j o r  o b j e c t i v e s  o f  t h e  

f o l l o w i n g  s t u d i e s  w e r e  tos

1 . )  Document t h e  d e g r e e  o f  a t r a z i n e  t o l e r a n c e  i n  t h e  

s e e d l i n g  s t a g e  o f  some w a rm -s e a s o n  g r a s s  s p e c i e s ;
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2 . )  D e v e l o p  s c r e e n i n g  p r o c e d u r e s  u s i n g  l e a f  f l u o r e s c e n c e ,  

f l o a t i n g  l e a f  s e c t i o n s ,  and p l a n t  s u r v i v a l  in  a t r a z i n e  

t r e a t e d  s o i l  t h a t  c o u l d  be used in  a b r e e d i n g  p rogram  f o r  

i m p r o v i n g  a t r a z i n e  t o l e r a n c e  of  s p e c i f i c  g r a s s e s ;

3 . )  I n v e s t i g a t e  t h e  e f f e c t  o f  d e l a y i n g  a t r a z i n e  a p p l i c a t i o n  

a f t e r  s e e d i n g  on t h e  e s t a b l i s h m e n t  o f  a t r a z i n e  s e n s i t i v e  

s p e c i e s ;  and

4 . )  I n v e s t i g a t e  t h e  e f f e c t  o f  a t r a z i n e  on t h e  em ergence  of  

w a rm -se a so n  g r a s s  s e e d l i n g s .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

 
 
 
 

 
 
 

PREVIE
W



4

C h a p te r  O n e - S c r e e n i n g  T e c h n i q u e s

In  t r o d u c  t  i on

A t r a z i n e  C 2 - c h 1 o r o - 4 - <  e t h y l  ami n o ) - 6 - < i  s o p r o p y la m i  n o ) -  

s - t r i a z i n e ]  i s  a member o-f t h e  s y m m e t r i c a l  t r i a z i n e  c l a s s  

o-f h e r b i c i d e s .  The  mode o-f a c t i o n  o-f t h e  s - t r i a z i n e s  i s  t h e  

i n h i b i t i o n  o-f t h e  l i g h t  r e a c t i o n s  o-f p h o t o s y n t h e s i s .  The  

m a jo r  u se  o-f a t r a z i n e  i s  as a p r e p l a n t  i n c o r p o r a t e d ,  

p r e e m e r g e n c e ,  o r  s u r f a c e - b l e n d  h e r b i c i d e ,  and i t  i s  used  t o  

c o n t r o l  a nnua l  b r o a d l e a f  and g r a s s y  w ee d s .  A t r a z i n e  has  

a l s o  been used s u c c e s s f u l l y  on e s t a b l i s h e d  n a t i v e  

w a rm -se a so n  g r a s s e s  as  a m ethod  f o r  c o n t r o l l i n g  annual  

weeds in  p a s t u r e s .  The  u s e  o f  a t r a z i n e  w o u ld  e n a b l e  more  

e f f e c t i v e  weed c o n t r o l  d u r i n g  e s t a b l i s h m e n t  o f  t h e  n a t i v e  

w a rm -se a so n  g r a s s e s .  T h e  a b i l i t y  t o  q u i c k l y  and r e l i a b l y  

s c r e e n  f o r  a p a r t i c u l a r  g e n e t i c  t r a i t  i s  needed  t o  im p ro v e  

a c r o p .  T h e  f o l l o w i n g  s t u d y  was d e s i g n e d  t o  e v a l u a t e  

s e v e r a l  s c r e e n i n g  p r o c e d u r e s  f o r  a t r a z i n e  t o l e r a n c e  t h a t  

w o u ld  be a p p l i c a b l e  t o  a w arm -s e a s o n  g r a s s  b r e e d i n g  

p r o g r a m .
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L i t e r a t u r e  R e v iew

S c r e e n i n g  t e c h n i q u e s  a r e  used  t o  d e f i n e  p l a n t

re s p o n s e s  t o  a g i v e n  s e t  o f  c r i t e r i a  or  s t r e s s e s .  S c r e e n i n g  

o f  l a r g e  numbers o f  p l a n t s  f o r  d e s i r a b l e  c h a r a c t e r i s t i c s ,  

e s p e c i a l l y  f o r  d i s e a s e  r e s i s t a n c e ,  was f i r s t  d e v e l o p e d  in  

th e  e a r l y  1 9 0 0 ' s  ( B r i g g s  and K n o w le s ,  1 9 6 7 ) .  S c r e e n i n g  

t e c h n i q u e s  can be d i v i d e d  i n t o  w h o l e  p l a n t  s c r e e n s  or

s c r e e n s  u s i n g  p l a n t  p a r t s  ( l e a f  d i s k s ,  s h o o t s ,  r o o t s ,  stem  

p i e c e s ,  or  p l a n t  t i s s u e s  and o r g a n e l l e s ) .

N h o l e  p l a n t  s c r e e n s

For  some h e r b i c i d e s ,  w h o le  p l a n t  h e r b i c i d a l  s c r e e n s ,  

a r e  a c c o m p l i s h e d  by i n c o r p o r a t i n g  known q u a n t i t i e s  o f

h e r b i c i d e  i n t o  s o i l .  H e r b i c i d e s  can a l s o  be f o l i a r  a p p l i e d .  

The s p e c i e s  o f  i n t e r e s t  i s  p l a n t e d  in  t h e  s o i l  c o n t a i n i n g

th e  h e r b i c i d e .  A f t e r  a p r e d e t e r m i n e d  t i m e  p e r i o d  o r  g row th

s t a g e  p l a n t  h e i g h t ,  f r e s h  w e i g h t ,  d r y  w e i g h t ,  p l a n t

a p p e a r a n c e ,  p l a n t  s u r v i v a l ,  c h l o r o p h y l l  c o n t e n t  o r  o t h e r  

f a c t o r s  can be used t o  d e t e r m i n e  p l a n t  r e s p o n s e  t o  th e

h e r b i c i d e  ( S a n t e lm a n n  e t  a l  , 1971 ;  S a n t e l m a n n ,  1977 ;  W i n k l e

e t  al  , 1981) .

T h e  m a jo r  use  o f  a w h o le  p l a n t  s c r e e n  i s  t o  t e s t  f o r  

h e r b i c i d e  t o l e r a n c e  in  p l a n t  p o p u l a t i o n s .  Young and Evans  

( 1 9 7 8 )  m e a s u re d  e t i o l a t e d  g ro w th  i n  a f i e l d  s i t u a t i o n  to  

d e t e r m i n e  t h e  a t r a z i n e  t o l e r a n c e  o f  c r e s t e d  w h e a t g r a s s
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(. A o r o p y r o n  d e s e r  torum ( F i s c h .  ex L i n k )  S c h u l t . ) .  Van

O o rs c h o t  < 1965) used CO2  u p t a k e  r a t e s  o-f t h e  r o o t  to

con-f i rm  t h e  i n a c t i v a t i o n  o-f t h e  s - t r i a z i n e s  and u r e a

h e r b i c i d e s  i n  w h o le  p l a n t s .  I n a c t i v a t i o n  was i n d i c a t e d  by

i n c r e a s e d  CO2  u p t a k e .  The  d e g r e e  o-f a t r a z i n e  t o l e r a n c e  o-f

an i n d i v i d u a l  p l a n t  or  s p e c i e s  was d e t e r m i n e d  by how lo n g

i t  t o  to o k  to  r e v e r s e  t h e  d e c l i n e  in  CO2  u p t a k e  by th e  

r o o t s .

A m a jo r  - f a c t o r  a - f - f e c t in g  t h e  r e l i a b i l i t y  o-f a w h o le  

p l a n t  s c r e e n  w h e re  t h e  h e r b i c i d e  i s  s o i l  a p p l i e d  i s  th e  

s o i l  u s e d .  T h e  amount o-f h e r b i c i d e  a v a i l a b l e  t o  th e  p l a n t  

i s  d e p e n d e n t  on t h e  a d s o r p t i v e  p r o p e r t i e s  o-f t h e  s o i l .  C l a y  

and o r g a n i c  m a t t e r  c o n t e n t ,  a l o n g  w i t h  t h e  pH o-f t h e  s o i l  

change t h e  a d s o r p t i v e  p o t e n t i a l  o-f a s o i l .  T h e r e f o r e ,  th e  

s o i l  must h a v e  a p p r o p r i a t e  c h a r a c t e r i s t i c s  w h ich  p e r m i t  

optimum a v a i l a b i l i t y  o-f t h e  h e r b i c i d e  t o  t h e  p l a n t  ( L a v y ,  

1968;  G r e e n ,  1974 ;  Weed and W e b e r ,  1 9 7 4 ) .  Thorough  

i n c o r p o r a t i o n  o-f t h e  h e r b i c i d e  i n t o  t h e  s o i l  i s  a l s o  

c r i t i c a l .  The  u n i f o r m i t y  o f  h e r b i c i d e  d i s t r i b u t i o n  

t h r o u g h o u t  t h e  s o i l  and t h e  c h an g es  in  t h e  s o i l ' s  

a d s o r p t i v e  a b i l i t y  th r o u g h  a i r  d r y i n g ,  can a l s o  a l t e r  th e  

a v a i l a b i l i t y  and t h e  r e l i a b i l i t y  o f  t h e  s c r e e n  ( S a n t e l m a n n ,  

1 9 7 7 ) .
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Mode o-f a c t i o n  o-f a t r a z i n e  

A t r a z i n e  i s  a member o f  t h e  s - t r i a z i n e  c l a s s  o f  

h e r b i c i d e s .  T h i s  g ro u p  o f  h e r b i c i d e s  i n h i b i t s  t h e  l i g h t  

r e a c t i o n s  o f  p h o t o s y n t h e s i s  in  p h o t o s y s t e m  I I .  T h i s  i s  

a c c o m p l i s h e d  by t h e  h e r b i c i d e  b l o c k i n g  t h e  e l e c t r o n  f l o w  

f ro m  Q t o  t h e  p i a s t o q u i n o n e  p o o l ,  B ( P f i s t e r  and A r n t z e n ,  

1979;  A s h to n  and C r a f t ,  1 9 8 1 ) .  T h i s  c a u s e s  a backup  o f  

e l e c t r o n s  a t  Q. Some o f  t h e  e x c e s s  e n e r g y  i s  g i v e n  o f f  as  

h e a t  and some f l u o r e s c e d  as l i g h t .  F l u o r e s c e n c e  n a t u r a l l y  

o c c u r s  a t  Q ( w h ic h  s t a n d s  f o r  f l u o r e s c e n c e  q u e n c h e r )  s i n c e  

t h e  m o l e c u l e  can o n l y  pass  one e l e c t r o n  on t o  B. Under- 

o p t i m a l  p h o t o s y n t h e t i c  c o n d i t i o n s  Q becomes s a t u r a t e d  w i t h  

e l e c t r o n s  and f l u o r e s c e n c e  o c c u r s  b e c a u s e  t h e  e x c e s s  e n e r g y  

s t i l l  c o n t a i n e d  in  t h e  c h l o r o p h y l l  i s  r e l e a s e d  as p h o t o n s  

( R a b i n o w i t c h  and G o v i n d j e e ,  1969 ;  P a p a g e o r g i o u , 1 9 7 5 ) .

A t r a z i n e  a l s o  c a u s e s  t h e  backup  o f  e l e c t r o n s  a t  Q by 

b i n d i n g  t o  a p r o t e i n  a s s o c i a t e d  w i t h  t h e  Q-B complex  (known  

as a p r o t e i n a c e o u s  s h i e l d )  in  t h e  t h y l a k o i d  membrane .  T h i s  

p r o t e i n a c e o u s  s h i e l d  i s  t h o u g h t  to  somehow m e d i a t e  t h e  f l o w  

o f  e l e c t r o n s  f ro m  Q t o  B.  When a h e r b i c i d e  ( s - t r i a z i n e  or  

u r e a  h e r b i c i d e s )  b i n d s  t o  t h e  p r o t e i n a c e o u s  s h i e l d  a change  

in  t h e  c o n f i g u r a t i o n  o f  t h e  p r o t e i n  o c c u r s  p r o h i b i t i n g  

e l e c t r o n  f l o w  ( P f i s t e r  and A r n t z e n ,  197 9 ;  A s h to n  and C r a f t ,

1 9 8 1 ) .  The  amount o f  f l u o r e s c e n c e  i n c r e a s e s  as  a t r a z i n e  

b i n d i n g  i n c r e a s e s  a l l o w i n g  f o r  e a s y  d e t e c t i o n  o f  

f l u o r e s c e n c e  (Bohme e t  a l , 1 9 8 1 ) .
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S u s c e p t i b i l i t y  o-f a p l a n t  t o  a t r a z i n e  i n j u r y  has  been  

r e l a t e d  t o  t h r e e  - f a c t o r s  (S h im a b u k u r o  and Swanson,  1 9 6 ? ) :  

1 . )  t h e  r a t e  o-f a t r a z i n e  m e t a b o l i s m  and t h e  n a t u r e  o-f t h e  

a t r a z i n e  d e r i v a t i v e s  t h a t  a r e  - formed; 2 . )  t h e  c o n c e n t r a t i o n  

o-f a t r a z i n e  in  t h e  c h l o r o p l a s t ;  and 3 . )  t h e  amount o-f t i m e  

needed  f o r  r e c o v e r y  o f  p h o t o c h e m ic a l  a c t i v i t y  in  t h e  

c h l o r o p l a s t  a f t e r  a t r a z i n e  r e m o v a l .  S h im a b u k u ro  and Swanson 

<1969)  a l s o  p ro p o s e d  a p o s s i b l e  m echan ism o f  a t r a z i n e  

t o l e r a n c e .  A t r a z i n e  a c c u m u l a t e s  in  t h e  c h l o r o p l a s t  and  

c y t o p l a s m  o f  a m e s o p h y l 1 c e l l .  As i t  i s  m e t a b o l i z e d  in  t h e  

c y t o p l a s m  t h e  amount o f  a t r a z i n e  d e c r e a s e s .  T h i s  c a u s e s  

some o f  t h e  u n a l t e r e d  a t r a z i n e  in  t h e  c h l o r o p l a s t  to  

d i f f u s e  i n t o  t h e  c y t o p l a s m  r e d u c i n g  t h e  amount o f  a t r a z i n e  

i n  t h e  c h l o r o p l a s t  ( S h im a b u k u r o  and Swanson, 1 9 6 9 ) .

M e t a b o l i s m  o f  a t r a z i n e  can o c c u r  t h r o u g h  t h r e e  

d i f f e r e n t  p a t h w a y s .  T h e  a t r a z i n e  can be N - d e a l k y l a t e d , 

2 - h y d r o x y l a t e d , o r  f o r m  a c o n j u g a t e  w i t h  g l u t a t h i o n e  

( S h im a b u k u r o ,  1 9 6 7 ;  Lamoureux e t  a l , 1 9 7 3 ) .  Both  t h e

p e p t i d e  c o n j u g a t e  and t h e  h y d r o x y a t r a z i n e  a r e  c o n s i d e r e d  to  

be t h e  c o m p l e t e  d e t o x i f i c a t i o n  p r o d u c t s  o f  a t r a z i n e  h a v i n g  

no r e s i d u a l  p h y t o t o x i c i t y .  H o w e v e r ,  t h e  N - d e a l k y l a t i o n  

r e a c t i o n  does  n o t  c o m p l e t e l y  d e t o x i f y  t h e  a t r a z i n e  

m o l e c u l e ;  i n s t e a d  a m o l e c u l e  t h a t  h a s  a r e d u c e d  p h y t o t o x i c  

a b i l i t y  i s  p ro d u c e d  ( S h i m a b u k u r o ,  1967 ;  Lamoureux e t  a l , 

1 9 7 3 ) .
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